Coulomb explosion of completely ionized CH 4 n , NH 3 n , and H 2 O n clusters will drive tabletop nuclear reactions of protons with 12 C 6 , 14 N 7 , and 16 O 8 nuclei, extending the realm of nuclear reactions driven by ultraintense laser-heterocluster interaction. The realization for nucleosynthesis in exploding cluster beams requires complete electron stripping from the clusters (at laser intensities I M 10 19 W cm ÿ2 ), the utilization of nanodroplets of radius 300 -700 Å for vertical ionization, and the attainment of the highest energies for the nuclei (i.e., 30 MeV for heavy nuclei and 3 MeV for protons). DOI: 10.1103/PhysRevLett.97.173401 PACS numbers: 36.40.Qv, 25.90.+k, 36.40.Wa Cluster dynamics transcends molecular dynamics of large finite systems [1] towards nuclear reactions in ultraintense laser fields [2 -9]. The interaction of ultraintense (peak intensity I M 10 15 -10 21 W cm ÿ2 ), ultrafast (temporal length 10-100 fs) laser pulses with matter drives novel ionization phenomena [2 -12] [9] ] drives ''cold-hot'' dd nuclear fusion [2 -9]. We propose and demonstrate that CE of completely ionized CH 4 n , H 2 O n , and NH 3 n molecular clusters will drive the nucleosynthesis reactions [17, 18] [17, 18] . We extend the realm of nuclear reactions driven by cluster CE from dd fusion [2 -9] to nucleosynthesis involving heavy nuclei, driven by ultraintense laserheterocluster interaction.
for cluster vertical ionization (CVI), which is realized for an initial cluster radius of R 0 R I 0 . Utilizing an electrostatic model to fit molecular dynamics simulation results for outer ionization for D 2 n , 3 He n , CD 4 n , CH 4 n , DI n , CD 3 I n , and Xe n clusters for laser pulse length 25 fs [9, 10, [19] [20] [21] 
where R I 0 is given in Å , the peak intensity I M in W cm ÿ2 , the cluster initial molecular density mol in A ÿ3 , and the molecular charge q mol in e units. Such large cluster (nanodroplet) sizes (Table I) are amenable to experimental preparation [8] .
Concurrently, the laser intensity has to be sufficiently high to allow for the formation of bare nuclei by complete inner ionization of the constituents at this large cluster size. The intensity thresholds for the removal of the last 1s electron from single C, N, and O atoms were calculated from the barrier suppression ionization (BSI) mechanism [22] and by the quantum mechanical Ammosov-DeloneKrainov (ADK) model [23] , with the ionization probability being determined by single cycle averaging. The BSI and ADK results (Fig. 1 ) are very close, revealing complete ionization of the C, N, and O single atoms at I M 4 10 19 W cm ÿ2 . For large clusters, with R 0 R I 0 , the atom stripping intensity thresholds are considerably reduced as compared to the single atom, due to ignition effects [10] induced by the inner field of the ions (Fig. 1 [3] [4] [5] [6] [7] [8] [9] 20, 21] . Under CVI conditions, which are applicable for R 0 R I 0 , the energy of the majority of the ions from CE of heteroclusters lies in the vicinity of the maximal energy of E M [3, 4, 7, 9, 20, 21] , due to kinematic effects [3, 4, 7] . The maximal energy E Mj for the jth ion with charge q j is then given by [4, 10, 20, 21 ]
where B 14:4 eV A, n A nk mol is the total number of cluster ions (with k mol ions in each molecule), and the charges q j are q Z Z for the heavy nuclei and q H 1 for the protons. The numerical parameter is 0:65-0:93 (with an average value of 0:80) and accounts for the laser pulse shape [20] and for kinematic [3, 4] effects. (3)] is given for the energies of the heavy nuclei and of the protons obtained from CE of CH 4 n (k mol 5), NH 3 n (k mol 4), and H 2 O n (k mol 3) clusters (Fig. 2) . The dependence E Mj / q mol q j manifests energy boosting effects [3, 4] , while E Mj for the heavy nuclei is roughly higher by a numerical factor of Z relative to the value for H . The scaling law [Eq. (3)] breaks down for R 0 R I 0 , where a much weaker increase of E Mj with increasing n A is exhibited [19, 20] . The energies E I Mj of the nuclei from CE of clusters with radii R I 0 and size n I fall in the range E Mj ' 3 MeV for protons to E Mj ' 30 MeV for the heavy nuclei ( Fig. 2 ) that are high enough to trigger nucleosynthesis.
The cross sections E for reactions 14 Np; 15 O and 16 Op; 17 F (inset in Fig. 1 ) [17, 18] do not manifest resonances and can be expressed by the exponential rela- 
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Cluster R (5) and (7). e Data for NH 3 n I and H 2 O n I . Data in brackets were calculated from the experimental cross sections [17, 18] , and E (in keV) is expressed in terms of the laboratory frame energies of the colliding nuclei.
The nucleosynthesis reactions take place both inside the plasma filament (IF), where collisions between highenergy nuclei occur [2, 5, 6] (inset in Fig. 2) , and outside the plasma filament (OF) [8] , where the high-energy nuclei produced inside the filament collide with cluster nuclei in rest outside it (inset in Fig. 2 
where hi is the energy averaged cross section, Z and H are the numbers of heavy nuclei and of protons per molecule, respectively, and P 2 10 19 cm ÿ3 is the filament ion density [2, 6] (taken to be equal for the IF and OF modes). The volume V f r 2 h of the plasma filament Table I) .
The cluster size dependence of the yields for nucleosynthesis driven by CE of CH 4 n , NH 3 n , and H 2 O n clusters for the OF and IF mechanisms, as calculated from Eq. (8), with the maximal E Mj energies [Eq. (3)] of the nuclei, together with the experimental cross sections (inset in Fig. 1 ), are portrayed in Fig. 3 and reveal the following features: (A) The yields are dominated in all cases by the OF mechanism (Table I and Fig. 3 ). This is due to the low value of l for IF at the high intensity. (B) -ray pulses (Y ' 50-100) can be generated with a temporal pulse length of ' 20-100 fs. (C) For the 14 Np; 15 O and 16 Op; 17 F reactions without resonance in E, a smooth increase of Y with increasing n A is exhibited (Fig. 3) . (D) For the 12 Cp;
13 N reaction, the yield (for the dominating OF mode) exhibits two peaks (Fig. 3 ). These are due to the 8 . With improvement in laser technology, the increase of the larger reaction volumes will be accomplished, further increasing the yields.
We conclude that tabletop nucleosynthesis can be driven by CE of CH 4 n , NH 3 n , and H 2 O n large molecular heteroclusters (nanodroplets), being amenable to experimental observation. We will explore perspectives for a further increase of the H , C 6 , N 7 , and O 8 ion energies and of the nucleosynthesis yields of the 12 Cp; 13 
